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Abstract
This paper reviews all information gathered from different disciplines and studies to resolve the species 
status within the Ceratitis FAR (C. fasciventris, C. anonae, C. rosa) complex, a group of polyphagous fruit 
fly pest species (Diptera, Tephritidae) from Africa. It includes information on larval and adult morphol-
ogy, wing morphometrics, cuticular hydrocarbons, pheromones, microsatellites, developmental physiol-
ogy and geographic distribution. The general consensus is that the FAR complex comprises C. anonae, two 
species within C. rosa (so-called R1 and R2) and two putatitve species under C. fasciventris. The informa-
tion regarding the latter is, however, too limited to draw final conclusions on specific status. Evidence for 
this recognition is discussed with reference to publications providing further details.
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Introduction
Historical background and systematic position
Ceratitis MacLeay is an Afrotropical genus of tephritid fruit flies comprising close to 
100 species found in Sub-Saharan Africa and the islands of the Western Indian Ocean. 
Phylogenetically it belongs to the subtribe Ceratitidina within the tribe Dacini. The latter 
tribe includes all main pest genera occurring naturally in Africa, i.e. Bactrocera Macquart, 
Capparimyia Bezzi, Ceratitis, Dacus Fabricius, Neoceratitis Hendel and Trirhithrum Bezzi. 
However, the monophyly of the genus is not supported and some species appear phylo-
genetically more closely related to Trirhithrum, while other Ceratitis species probably do 
not belong to the genus (Barr and McPheron 2006, Virgilio et al. 2015). Contrary to 
other indigenous African fruit fly pest groups that have a particular host niche width at-
tacking particular plant families, species of the genus Ceratitis demonstrate a very variable 
host specificity. Some species are largely monophagous, while others form monophyletic 
stenophagous clusters specialized on particular host genera. Yet, others are polyphagous 
species attacking a wide variety of unrelated plants (De Meyer et al. 2002, Erbout et al. 
2011). For example, the Mediterranean fruit fly, Ceratitis capitata (Wiedemann), is the 
most extreme case of polyphagy, with 304 different host plants belonging to 154 genera 
in 57 families considered to be suitable host plants (Liquido et al. 2014).
The Ceratitis FAR complex is a group of polyphagous species comprising three 
morphologically similar species: C. fasciventris (Bezzi), C. anonae Graham and C. rosa 
Karsch (Figure 1). Although the FAR complex is recognized as a group of closely relat-
ed species, their monophyly is not always supported in phylogenetic studies. Barr and 
Wiegmann (2009) presented a molecular analysis for a number of Ceratitis (Pteran-
drus) species including one specimen for each Ceratitis FAR complex species. They 
state that CAD1 and ND6 markers supported the monophyly of the complex, while 
tango and period markers placed the three species in different clusters within the so-
called ‘Pterandrus A’ group. A majority rule Bayesian tree for the combined molecular 
data supported the monophyly of the complex. Yet, a cladistics analysis based on adult 
morphological characters could not recognize them as a monophyletic cluster within 
the subgenus Pterandrus (De Meyer 2005).
Current taxonomic status of recognized species and sexual dimorphism
The Natal fruit fly, C. rosa, was originally described from ’Delagoabai’ (nowadays Baia 
de Maputo, Mozambique and probably referring to a location near Maputo) by Karsch 
in 1887, based on a single male specimen (Karsch 1887). Bezzi (1920) described fas-
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Figure 1. Habitus image of a Ceratitis fasciventris b C. anonae c C. rosa (a, c photos R.S. Copeland, b 
photo G. Goergen).
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civentris as a variety of Pterandrus rosa, based upon material from Uganda (unknown 
locality). De Meyer (2001) considered it to be a separate entity with specific status. 
Ceratitis anonae was described by Graham from material reared from an Annona fruit 
in Ashanti, Ghana (Graham 1908).
All three species show remarkable sexual dimorphism, with the males having leg 
ornamentation that is absent in females. Ceratitis anonae males have the mid leg (Fig-
ure 2) with a row of long dark, flattened setae (so-called ‘feathering’) ventrally along 
the entire length of the mid femur. The mid tibia is broadened with feathering dorsally 
along distal 0.9 and ventrally along the distal 0.8. The mid leg is largely brownish to 
brownish black in colour. In C. rosa males (Figure 3), the ventral feathering on mid 
femur is absent (at most there are a few thin and dispersed setulae ventrally). The mid 
tibiae is moderately broadened, anteriorly black with a conspicuous silvery reflection 
seen when kept under a certain angle and black feathering dorsally along distal 0.75 
and ventrally along distal 0.66–0.75. Otherwise, the leg is yellow. Ceratitis fasciventris 
males have the mid leg shaped similarly to C. rosa, except that the mid tibia is not dis-
tinctly broadened and the black feathering is restricted to the distal 0.5 at most (Figure 
4). The leg is coloured uniformly yellow, except in some specimens where the anterior 
part is partially brownish in the distal 0.3 (De Meyer 2001). Preliminary courtship 
behavior studies by Quilici et al. (2002) give some indication that, for at least in C. 
rosa, the mid legs are used in precopulatory behavior.
Figure 2. Mid leg of male Ceratitis anonae, anterior view of femur and tibia (photo I.M. White, NHM).
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Figure 3. Mid leg of male Ceratitis rosa, anterior view (photo I.M. White, NHM).
Figure 4. Mid leg of male Ceratitis fasciventris, anterior view (photo I.M. White, NHM).
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Unlike the males, females, are morphologically almost indistinguishable. Ceratitis 
anonae females differ from the other two taxa in the pilosity of the anepisternum and 
fore femur. In C. anonae the anepisternum has some few dark setulae medioventrally, 
and the fore femur has dispersed short dark setulae between the ventral setae and pos-
terior row of setae. In C. rosa and C. fasciventris, the anepisternal pilosity is completely 
pale and the fore femur usually only has pale setulae present between the ventral setae 
and posterior row of setae (De Meyer and Freidberg 2006). Females of C. rosa and C. 
fasciventris females cannot be reliably differentiated on morphological characters.
Distribution patterns throughout Africa
The occurrence of the three species throughout Africa shows different distribution pat-
terns with only a partial overlap between some of the species. Although some species 
do occur sympatrically or parapatrically, nowhere do all three species co-occur. Ceratitis 
rosa is found throughout South (from western Cape onwards) to East Africa with the 
northernmost records from the Central Highlands in Kenya (Figure 5). The latter oc-
currence seems to be a recent expansion (Copeland and Wharton 2006) with its previ-
ous extension reaching till the Kenyan coast only. It has been introduced to the Indian 
Ocean Islands of La Réunion and Mauritius in the 20th Century (White et al. 2000). 
The single record of C. rosa (one male) from Cameroon in West Africa is probably due 
to mislabeling, while the presence of the species in Ivory Coast (N’dépo et al. 2010, 
2013) is an erroneous record. No reliable records from western Africa have been found. 
Ceratitis fasciventris has a wider distribution and is found throughout western Africa, 
with isolated records from Central Africa, and extensive distribution along the Alber-
tine and Gregory Rifts in eastern Africa, as far north as Ethiopia (Figure 5). Ceratitis 
anonae has a predominantly equatorial belt distribution, being widespread through 
West (from Senegal onwards) and Central Africa (Figure 6). Its easternmost distribu-
tion seems to be confined to the western side of the Gregory Rift in Kenya (Copeland 
et al. 2006) (records further to the east need confirmation).
Sympatric and allopatric occurrence is found between C. anonae and C. fasciventris 
in western Africa (Vayssières et al. 2004), and western Kenya (Copeland and Wharton 
2006), while C. rosa and C. fasciventris occur together in parts of Kenya and Tanzania 
(Figure 5) (Copeland et al. 2006, Mwatawala et al. 2006). Ceratitis anonae and C. rosa 
were not found together.
Indications of inconsistencies
Despite the morphological differences in adult males and the partially disjunct distri-
bution, there are indications that cryptic speciation occurs within the three currently 
recognized morphospecies.
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Figure 5. Geographical distribution of Ceratitis rosa (blue triangles) and C. fasciventris (yellow circles).
Figure 6. Geographical distribution of Ceratitis anonae.
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When comparing sequences of mitochondrial and nuclear markers, Virgilio et al. 
(2008) could not recover the three morphospecies as monophyletic groups, although 
different markers recovered well-supported clades within the representatives of C. fas-
civentris from West and East Africa. So, although the molecular data did not contradict 
or support the morphological separation, it did suggest that C. fasciventris is itself a 
complex of cryptic species. This study, as well as Douglas and Haymer (2001) and 
Barr et al. (2006) indicated moreover the existence of other separate clusters within the 
complex (although not always with high support).
Finally, correlative ecological niche modeling showed that C. rosa prefers climatic 
conditions with lower temperatures when compared to C. capitata (De Meyer et al. 
2008). This was corroborated by findings on the island of La Réunion where C. rosa 
occupies a colder and more humid climate niche than C. capitata (Duyck et al. 2006). 
However, these results were contradicted by Grout and Stoltz (2007) who studied the 
developmental thresholds for a number of Ceratitis species, based on South African 
populations and concluded that the situation in South Africa is different from that in 
La Réunion. This led to the suggestion that C. rosa could comprise entities with differ-
ent biological requirements.
Objective
The inclusion of the Ceratitis FAR complex in the Coordinated Research Project 
(CRP) on cryptic species, therefore, was to establish whether the three morphological 
entities actually represent three distinct species, or if the relationship can be resolved 
in a different manner. The authors opted for an integrative approach, using differ-
ent methodologies, including population genetics, larval morphology, wing morpho-
metrics, cuticular hydrocarbons, developmental physiology and pre- and postzygotic 
mating compatibility. The results of these different approaches are presented in this 
volume or have been published elsewhere (Virgilio et al. 2013, Vaníčková et al. 2014). 
We herewith summarize the main results obtained by each of these approaches and 
provide a synthesis on the current knowledge and status of the different entities within 
the Ceratitis FAR complex.
Results
Microsatellite analysis
Using microsatellites, Baliraine et al. (2004) revealed significant differentiation with 
respect to genotypic frequencies between C. rosa specimens from the African main-
land and the Indian Ocean islands, and between C. fasciventris from Kenya and from 
Uganda. Delatte et al. (2013) isolated and characterized 16 microsatellite markers us-
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ing representatives of the three species from 11 localities in Africa. Subsequently, Vir-
gilio et al. (2013) used these microsatellites to survey the allelic variation in 27 African 
populations of the three morphospecies. Their main finding was that the complex 
comprises five genotypic clusters, based upon the individual Bayesian assignments of 
STRUCTURE (Pritchard et al. 2000): a single C. anonae genotypic cluster, two clus-
ters for C. fasciventris (allo- and parapatric) and two clusters, of C. rosa (allo- and sym-
patric) (Figure 7). The sympatric C. rosa clusters were observed in two South African 
sampling sites (from a sample coverage including C. rosa from Malawi, Mozambique, 
Kenya, la Réunion and Tanzania). The two C. fasciventris genotypic clusters roughly 
corresponded to a western African and an eastern African group, except for a single 
population from Tanzania that was more genetically similar to the West African sam-
ples. The two phylogenetic C. fasciventris clades (Virgilio et al. 2008) corresponded to 
the two microsatellite genotypic clusters. Unfortunately, voucher material of Baliraine 
et al. (2004) could not be traced (Malacrida, personal communication) so that their 
microsatellite data could neither be fitted into the patterns observed in Virgilio et al. 
(2013) nor used for morphological analysis. The results of the microsatellite analysis 
were used to corroborate the morphospecies hypotheses and to generate new hypoth-
eses which were then further tested through an integrative taxonomical approach.
Adult morphology
The 399 male specimens of the 27 African populations used for the microsatellite 
analysis were, in light of the above findings, re-examined. Preliminary observations 
indicated a difference for C. fasciventris in the coloration of the male mid tibia with 
specimens from western Africa demonstrating darker coloration (De Meyer 2001) 
(henceforth referred to as “F1”; Figure 8a), whereas specimens from eastern popula-
tions have completely yellow mid tibia (“F2”; Figure 8b).
Re-examination of the C. rosa specimens revealed slight morphological differences 
with one type bearing a broader and more stout mid tibia with black coloration reaching 
the lateral margins of the tibia throughout (“R1”; Figure 8c), while the other morpho-
type bearing a more slender tibia, gradually tapering towards the base, and with the black 
coloration not reaching the lateral margins throughout the full length (“R2”; Figure 8d).
All males were scored blindly (i.e. without reference to the genotypic cluster they 
belong to) for these morphological characters. Morphological assignment for R2 and 
F2 was 100% in alignment with the genotypic clustering while R1 and F1 had, respec-
tively, 3.4% and 10% uncertain assignment (i.e. could not be assigned unambiguously 
to any of the genotypic clusters) because of doubtful interpretation of the morphologi-
cal character. None of the specimens examined scored contradictorily to the genotypic 
cluster. It was concluded that the morphological differences observed in the male mid 
leg shape and coloration are a reliable character state when combined with genotyping 
to differentiate the different populations of C. rosa and C. fasciventris.
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Figure 7. Structure of admixture proportions of 621 specimens of the FAR complex, assigned to five 
genotypic clusters (from Virgilio et al. 2013).
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Figure 8. Anterior view of male mid tibia in Ceratitis fasciventris (a F1, b F2) and C. rosa (c R1, d R2).
a
b
c
d
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Wing morphometrics
Since no morphological characters were found to reliably differentiate females neither 
of the different morphospecies nor of the five genotypic clusters recognized by the 
microsatellite analysis, a morphometric study was conducted on the wings of the same 
specimens used for the microsatellite (males and females) and the adult morphology 
studies (males only). Two techniques were used by Van Cann et al. (2015): landmark-
ing based on intersections between wing veins and cross-veins, and measurement of 
wing band areas. In total 227 specimens, previously morphologically identified and 
genotyped at 16 microsatellite loci, were used. Seventeen wing landmarks and six wing 
band areas were used for morphometric analyses, mainly from unambiguous points 
such as intersections between veins and cross-veins, or between the former and bands. 
Significant differences were found both among the three morphospecies as well as 
among the five genotypic clusters when Permutational Multivariate Analysis of Vari-
ance (PERMANOVA) was conducted. Unconstrained and constrained ordinations 
could not resolve these groups but posterior group membership probabilities (PGMPs) 
of the Discriminant Analysis of Principal Components (DAPC) showed that wing 
landmarks (and, to a less extent, wing band areas) could be used to consistently assign 
a relevant proportion of specimens to morphospecies (range 96.8–98.2%) and geno-
typic cluster (range 87.5–96.4%). This indicates that wing morphometrics does reflect 
to a certain extent the clustering and division in different genotypic clusters.
Larval morphology
Recognition of larval stages of fruit fly pests is a necessity given the fact that most quar-
antine interceptions are larvae inside imported fruits during regulatory checkpoints. 
However, identification of fruit fly larvae at species level is notoriously difficult because 
of the limited morphological characters and the high intraspecific variability in charac-
ter states. The study by Steck and Ekesi (2015) on representatives of the Ceratitis FAR 
complex and comparison with C. capitata, has confirmed the difficulties in this matter. 
Among the different populations studied of C. fasciventris (1), C. anonae (1) and C. 
rosa (5, including the two genotypic clusters from different geographical regions, i.e. 
Kenya and South Africa), only larvae of C. fasciventris could be unambiguously distin-
guished from the other species of the FAR complex, based on differences in quantita-
tive measures of numerous larval morphological characters (at least as observed in the 
single population studied). Although there was also variation observed in diagnostic 
morphological characters among the larvae of the different C. rosa populations studied, 
the two genotypic clusters (R1 and R2) could not be differentiated consistently. More-
over, characters once considered reliable to separate the larvae of C. capitata from C. 
rosa (Carroll, 1998), or even to separate the genus Ceratitis from the genus Bactrocera 
(White & Elson-Harris, 1992) have shown to be variable among the different species 
and populations studied here and not diagnostic for a particular taxon.
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Cuticular hydrocarbons
Cuticular hydrocarbons (CHCs) comprise a majority of the components of the cuticular 
waxes in many insects and may include n-alkanes, n-alkenes, terminally monomethyla-
lkanes, dimethylalkanes among others (Blomquist and Jackson 1979). The long-chain 
CHCs play central roles in waterproofing of the insect cuticle and function extensively 
in chemical communication as sex pheromones, and species and sex recognition cues 
among others (Blomquist and Bagnères 2010). As a result of their species-specificity, 
CHCs are widely used for identification of sibling or cryptic species (Kather and Martin 
2012). Recent studies on CHC profiles of drosophilid (Jennings et al. 2014) and teph-
ritid flies (Vaníčková 2012, Vaníčková et al. 2015) evaluated the use of CHCs in deline-
ating groups within supposedly cryptic taxa. An initial analysis included one population 
each of the three morphospecies within the FAR complex and C. capitata as a compara-
tive taxon (Vaníčková 2012, Vaníčková et al. 2014). Male and female specimens were 
obtained from the colonies kept at the International Centre for Insect Physiology and 
Ecology, ICIPE (for FAR complex) and the FAO/International Atomic Energy Agency 
Agriculture and Biotechnology Laboratories in Seibersdorf (for C. capitata) and were 
genotyped, following Delatte et al. (2013) and Virgilio et al. (2013). The C. rosa popu-
lation represented the R2 genotypic cluster, while the C. fasciventris population repre-
sented the F2 genotypic cluster. Using two-dimensional gas chromatography with mass 
spectrometric detection, differences in the CHC profiles between all three species (but 
also between sexes) were observed with twelve compounds indicated as possible chemo-
taxonomical markers to differentiate the three types (Figure 9). After recognition of the 
two C. rosa genotypic clusters (cf above), the analysis was repeated for one population 
each of the R1 and R2 type obtained from ICIPE colonies (Vaníčková et al. 2015b). 
This resulted in four potential markers that allow differentiation between the R1 and 
R2 genotypic clusters. CHCs as such provide indication of qualitative differentiation 
in their profiles to allow distinction between at least four of the five genotypes (the F1 
genotype could not be included because of lack of an established colony that could 
provide material for analysis). These findings should preferably be further explored by 
using populations from other regions for the same genotypes as there is evidence that 
also elements such as diet can have an impact on CHC intraspecific variability.
Pheromones
Pheromones in investigated FAR complex species are produced exclusively by males 
and are, similarly as in other fruit fly species, highly complex species-specific mixtures 
characterized by specific qualitative and quantitative profiles of diverse chemical struc-
tures, including alcohols, aldehydes, terpenes, and esters. GCxGC-TOFMS analysis 
of male Ceratitis FAR complex pheromones observed in single population samples for 
each species, resulted in the identification of 35 compounds produced by C. fasciventris 
F2 type, 18 compounds released by C. anonae and 26 volatiles emitted by C. rosa R2 
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Figure 9. Principal components analysis (PCA) of Euclidean distances between males and females Cera-
titis capitata, C. fasciventris, C. anonae and C. rosa (as calculated from peak areas of 59 cuticular hydro-
carbons (CHCs)).
type. The composition of male pheromones partially overlapped, but contained also 
species-specific chemical compounds. Only 12 compounds elicited antennal responses 
suggesting a prominent role in pheromone communication. Four of the compounds 
were found in emanations of all three studied species (Břizová et al. 2015). However 
these shared compounds are present in the respective species in different concentra-
tions. Electrophysiological data showed that females of the Ceratitis FAR complex 
species perceive components of conspecific pheromones specifically, e.g. they are spe-
cifically tuned to conspecific pheromones, but antennae respond also to pheromone 
components of other species. Both males and females can perceive male pheromones. 
However to decide whether there are sex-specific differences, further electrophysiologi-
cal experiments are needed.
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Many volatiles identified in Ceratitis FAR male emanation have been previously 
identified in other tephritid pheromones (Cruz-López et al. 2006, Heath et al. 1991, 
Lu and Teal 2001, Milet-Pinheiro et al. 2014, Robacker 1988, Rocca et al. 1993, 
Vaníčková 2012, Vaníčková et al. 2012). Others, specifically isoprenoid geranyl ac-
etone, aliphatic volatile (E)-non-2-enal, and methyl (2E,6E)-farnesoate, have not been 
reported before. Interestingly, the latter is a crustacean reproductive hormone, struc-
turally similar to insect juvenile hormone, which is responsible for enhancing repro-
ductive maturation, maintaining juvenile morphology, and influencing male sex deter-
mination (Olmstead and LeBlanc 2007, Nagaraju and Borst 2008). In insects, methyl 
(2E,6E)-farnesoate represents the immediate precursor of insect juvenile hormone III 
(Teal et al. 2014). As a semiochemical, methyl (2E,6E)-farnesoate was reported in 
pentatomid bug pheromones (Millar et al. 2002).
The pheromone composition as well as electroantennography may be used for spe-
cies identification. Similarly as for the composition of CHCs (Vaníčková et al. 2014), the 
pheromone composition and antennal specificity suggest that the three nominal species of 
the Ceratitis FAR complex correspond to taxonomically well-defined entities. It is recom-
mended, however, that this work should be expanded by including pheromone studies 
of F1 and R1 and further sampling and analysis of different populations for all types, to 
determine inter-population variability.
Developmental physiology
Developmental physiology studies can assist in detecting differences between species 
with regard to biological requirements. Only the developmental physiology of the two 
C. rosa types was studied in detail (Tanga et al. 2015), because of the lack of established 
colonies for the other species and because it was the differences observed between de-
velopmental studies conducted in La Réunion (Duyck and Quilici 2002) and South 
Africa (Grout and Stolz 2007) that initiated the idea that C. rosa may consist of different 
biotypes with different climatic requirements. R1 and R2 populations were, therefore, 
studied simultaneously in Kenya and South Africa (Tanga et al. 2015). Depending on 
locality and temperature, marked differences were observed between R1 and R2 popula-
tions in the developmental duration of immature life stages. In both Kenyan and South 
African populations, R2 appears to be less adapted to hotter environments than R1. In 
Kenya, R2 appeared to be better adapted to colder environments, while in South Af-
rica, both C. rosa types were able to tolerate lower temperatures. Despite discrepancies 
in temperature related developmental physiology of the two types in the two localities, 
results from Kenya and South Africa clearly demonstrate and support the existence of 
two genetically distinct populations of C. rosa that are divergent in their physiological 
response to temperature. Discrepancies between the localities with regards to observed 
and estimated developmental time parameters of the two C. rosa types can be due to ge-
ographic variation (populations from South Africa originated from temperate climates 
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and populations from Kenya originated from tropical climates). Other factors such as 
food quantity and quality, rearing conditions, acclimatization and generation age are 
also mentioned as factors influencing the developmental physiology.
Geographical distribution and altitudinal transect
The distribution of C. fasciventris and C. rosa was re-analyzed, taking into account the 
existence of two types for each of these species. As the known distribution was largely 
based upon museum specimens collected over a period of 130 years and the DNA 
retrieval from older specimens (i.e. >10yrs) is cumbersome and with low success rate, 
it was decided to re-assign specimens based only on morphological characters which 
excluded female specimens. In total, specimens from 218 localities were re-examined 
and assigned to one of the four types (F1, F2, R1, R2). The observed distributions 
are given in Figures 10–11. F1 is mainly represented in western Africa but extends its 
distribution throughout southern and eastern parts of the continent with records from 
Angola, Zambia, Malawi and Tanzania (Figure 10). F2 is confined to the Rift areas of 
Ethiopia, Kenya and eastern part of the Democratic Republic of Congo, with southern 
expansion into Katanga region of the Democratic Republic of Congo and Zambia. So 
far, no sympatric or parapatric occurrence of the two types has been observed. R1 and 
R2 on the other hand do not show a clear geographic isolation (Figure 11). Only in 
the Cape and central parts of South Africa is a single type (R2) present, as well as in 
the adventive populations on the Indian Ocean islands. In the northern part of South 
Africa and northwards there are records showing overlap of distributions.
A detailed study was conducted in the Uluguru Mountains near Morogoro (Tan-
zania) where both types are known to occur (Mwatawala et al. 2015). Along an al-
titudinal transect, ranging from 540 to 1650 masl the occurrence of both types was 
monitored using traps with EGO-lure. A gradual shift was observed with both types 
occurring at lower altitudes (with predominance of R1) while only R2 was observed 
at the highest elevations. Geurts et al. (2012) observed a temperature shift of 7–8 °C 
along this transect. When looking at the developmental differences observed for, at 
least the Kenyan populations, temperature could well play a major role in the observed 
pattern, although it remains to be seen whether other aspects such as differential host 
range and availability also have an influence regarding the differences observed.
Pre- and postzygotic incompatibility
Although no detailed data are presented in this volume, preliminary data by S. Ekesi 
(pers. communication), indicate that in field cage studies there is a significant pre- and 
post-zygotic incompatibility both between Ceratitis rosa and C. fasciventris (F2), as 
well as between the two genotypic clusters of C. rosa: R1 and R2. None of the other 
genotypic clusters or morphospecies were included.
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Figure 10. Geographical distribution of Ceratitis fasciventris, F1 (brown circles), F2 (yellow circles), un-
assigned (white circles).
Conclusion
The majority of the research approaches discussed here indicate that the Ceratitis FAR 
complex consists of at least the three recognized morphospecies, but possibly of five 
different species. All methodologies (except larval morphology) used confirm that Cer-
atitis anonae, C. fasciventris and C. rosa are well recognized groups. Ceratitis anonae is 
a uniform group showing no apparent morphological or genetic variability and has a 
well-defined distribution range. The two other entities consist each of two separate 
groups. For C. rosa, the two entities (called ‘R1’, ‘lowland’ or ‘hot rosa’ on one hand, 
and ‘R2’, ‘highland’ or ‘cold rosa’ on the other hand) can be distinguished morpho-
logically in males, as well as by other means and demonstrate a different developmen-
tal physiology. They occur sympatrically in some regions, but also show a disjunct 
distribution that appears to be correlated with ambient temperature. It is concluded 
that both types should be considered as two different species. Taxonomically, the type 
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material of C. rosa belongs to the R1 type, which means that the R2 type should be 
considered as a new species, and a formal description will be published in the near 
future. Similarly, the review indicates that also C. fasciventris tends to be composed of 
two entities. Yet, because the data are currently insufficient to establish clearly whether 
they should also be considered two different species or not, we currently suggest to 
maintain the two types under one and the same species.
Acknowledgements
We would like to thank the Joint FAO/IAEA Programme for initiating the Coordi-
nated Research Project on “Resolution of cryptic species complexes of tephritid pests 
to overcome constraints to SIT application and international trade”, and for providing 
support to the authors for conducting part of the research and to attend the research 
Figure 11. Geographical distribution of Ceratitis rosa, R1 (red circles), R2 (blue circles), sympatric 
occurrence (brown circles), un-assigned (white circles).
An integrative approach to unravel the Ceratitis FAR (Diptera, Tephritidae)... 423
coordination meetings. Some of the data presented here are also the result of financial 
support by the Belgian Development Cooperation (through the Framework Agree-
ment with the Royal Museum for Central Africa, RMCA) to Sokoine University of 
Agriculture, and by the Belgian Science Policy to the Joint Experimental Molecular 
Unit (JEMU) of the RMCA and the Royal Belgian Institute of Natural Sciences. The 
developmental physiology work on the two C. rosa types in South Africa was funded 
by Citrus Research International.
References
Baliraine FN, Bonizzoni M, Guglielmino CR, Osir EO, Lux SA, Mulaa FJ, Gomulski LM, 
Zheng L, Quilici S, Gasperi G, Malacrida AR (2004) Population genetics of the potentially 
invasive African fruit fly species, Ceratitis rosa and Ceratitis fasciventris (Diptera: Tephritidae). 
Molecular Ecology 13: 683–695. doi: 10.1046/j.1365-294X.2004.02105.x
Barr NB, McPheron BA (2006) Molecular phylogenetics of the genus Ceratitis (Diptera: 
Tephritidae). Molecular Phylogenetics and Evolution 38: 216–230. doi: 10.1016/j.
ympev.2005.10.013
Barr NB, Copeland RS, De Meyer M, Masiga D, Kibogo HG, Billah MK, Osir E, Wharton 
RA, McPheron BA (2006) Molecular diagnostics of economically important fruit fly spe-
cies (Diptera: Tephritidae) in Africa using PCR and RFLP analyses. Bulletin of Entomo-
logical Research 96: 505–521.
Barr NB, Wiegmann BM (2009) Phylogenetic relationships of Ceratitis fruit flies inferred from 
nuclear CAD and tango/ARNT gene fragments: testing monophyly of the subgenera Cera-
titis (Ceratitis) and C. (Pterandrus). Molecular Phylogenetics and Evolution 53: 412–424. 
doi: 10.1016/j.ympev.2009.07.008
Bezzi M (1920) Notes on the Ethiopian fruit flies of the family Trypaneidae, other than Dacus. –
III. Bulletin of Entomological Research 10: 211–272. doi: 10.1017/S000748530004414X
Blomquist GJ, Bagnères AG (2010) Insect hydrocarbons: biology, biochemistry, and chemi-
cal ecology. Cambridge University Press, New York. doi: 10.1017/CBO9780511711909
Blomquist GJ, Jackson LL (1979) Chemistry and biochemistry of insect waxes. Progress in 
Lipid Research 17: 319–345. doi: 10.1016/0079-6832(79)90011-9
Břízová R, Vaníčková L, Faťarová M, Ekesi S, Hoskovec M, Kalinová B (2015) Analyses of 
volatiles produced by the African fruit fly species complex (Diptera, Tephritidae). In: De 
Meyer M, Clarke AR, Vera MT, Hendrichs J (Eds) Resolution of Cryptic Species Com-
plexes of Tephritid Pests to Enhance SIT Application and Facilitate International Trade. 
ZooKeys 540: 385–404. doi: 10.3897/zookeys.540.9630
Carroll LE (1998) Description of the third instar larva of Ceratitis rosa Karsch (Diptera: Teph-
ritidae). Proceedings of the Entomological Society of Washington 100(1): 88–94.
Copeland RS, Wharton RA (2006) Year-round production of pest Ceratitis species (Diptera: Te-
phritidae) in fruit of the invasive species Solanum mauritianum in Kenya. Annals of the En-
tomological Society of America 99: 530–535. doi: 10.1603/0013-8746(2006)99[530:YP
OPCS]2.0.CO;2
Marc De Meyer et al.  /  ZooKeys 540: 405–427 (2015)424
Copeland RS, Wharton RA, Luke Q, De Meyer M, Lux S, Zenz N, Machera P, Okumu 
M (2006) Geographic distribution, host fruits, and parasitoids of African fruit fly pests 
Ceratitis anonae, Ceratitis cosyra, Ceratitis fasciventris, and Ceratitis rosa (Diptera: Teph-
ritidae) in Kenya. Annals of the Entomological Society of America 99: 261–278. doi: 
10.1603/0013-8746(2006)099[0261:GDHFAP]2.0.CO;2
Cruz-López L, Malo EA, Toledo J, Virgen A, Del Mazo A, Rojas JC (2006) A new potential 
attractant for Anastrepha obliqua from Spondias mombin fruits. Journal of Chemical Ecol-
ogy 32: 351–365. doi: 10.1007/s10886-005-9006-7
De Meyer M (2001) On the identity of the Natal fruit fly Ceratitis rosa Karsch (Diptera, 
Tephritidae). Bulletin de l’Institut Royal des Sciences Naturelles de Belgique Entomologie 
71: 55–62.
De Meyer M (2005) Phylogeny of the fruit fly genus Ceratitis MacLeay (Diptera: Tephritidae). 
Insect Systematics and Evolution 36: 459–480. doi: 10.1163/187631205794761012
De Meyer M, Copeland RS, Lux S, Mansell M, Wharton R, White IM, Zenz N (2002) Anno-
tated check list of host plants for Afrotropical fruit flies (Diptera: Tephritidae) of the genus 
Ceratitis. Zoologische Documentatie Koninklijk Museum voor Midden Afrika 27: 1–92.
De Meyer M, Freidberg A (2006) Revision of the Subgenus Ceratitis (Pterandrus) Bezzi (Dip-
tera: Tephritidae). Israel Journal of Entomology 36: 197–315.
De Meyer M, Robertson M, Peterson T, Mansell M (2008) Climatic modeling for the med fly 
and Natal fruit fly. Journal of Biogeography 35: 270–281.
Delatte H, Virgilio M, Simiand C, Quilici S, De Meyer M (2013) Isolation and characterisation 
of sixteen microsatellite markers cross-amplifying in a complex of three African agricultural 
pests (Ceratitis rosa, C. anonae and C. fasciventris, Diptera: Tephritidae). Conservation Genetic 
Resources 5: 31–34. doi: 10.1007/s12686-012-9722-6
Douglas L, Haymer DS (2001) Ribosomal ITS1 polymorphism in Ceratitis capitata and Cerati-
tis rosa (Diptera: Tephritidae). Annals of the Entomological Society of America 9: 726–731. 
doi: 10.1603/0013-8746(2001)094[0726:RIPICC]2.0.CO;2
Duyck PF, Quilici S (2002) Survival and development of different life stages of three Ceratitis 
spp. (Diptera: Tephritidae) reared at five constant temperatures. Bulletin of Entomological 
Research 92: 461–469. doi: 10.1079/BER2002188
Duyck PF, David P, Quilici S (2006) Climatic niche partitioning following successive invasions 
by fruit flies in La Réunion. Journal of Animal Ecology 75: 518–526. doi: 10.1111/j.1365-
2656.2006.01072.x
Erbout N, Virgilio M, Lens L, Barr N, De Meyer M (2011) Discrepancies between subgeneric 
classification and molecular phylogeny of Ceratitis (Diptera: Tephritidae), can the evolu-
tion of host use provide some clues? Molecular Phylogeny and Evolution 60: 259–264. 
doi: 10.1016/j.ympev.2011.04.004
Geurts K, Mwatawala M, De Meyer M (2012) Indigenous and invasive fruit fly (Diptera: 
Tephritidae) diversity along an altitudinal transect in Central Tanzania. Journal of Insect 
Science 12: 1–18. doi: 10.1673/031.012.1201
Graham WM (1908) Some new and undescribed insect pests affecting cocoa in West Africa. 
Journal of Economic Biology 3: 113–117.
An integrative approach to unravel the Ceratitis FAR (Diptera, Tephritidae)... 425
Grout TG, Stoltz KC (2007) Developmental rates at constant temperature of three economically 
important Ceratitis spp. (Diptera: Tephritidae) from Southern Africa. Environmental En-
tomology 36: 1310–1317. doi: 10.1603/0046-225X(2007)36[1310:DRACTO]2.0.CO;2
Heath RR, Landolt PJ, Tumlinson JH, Chambers DL, Murphy RE, Doolittle RE, Dueben BD, 
Sivinski J, Calkins CO (1991) Analysis, synthesis, formulation, and field testing of 3 major 
components of male Mediterranean fruit fly pheromone. Journal of Chemical Ecology 17: 
1925−1940. doi: 10.1007/BF00993739
Jennings JH, Etges WJ, Schmitt T, Hoikkala A (2014) Cuticular hydrocarbons of Drosophila 
montana: Geographic variation, sexual dimorphism and potential roles as pheromones. 
Journal of Insect Physiology 61: 16–24. doi: 10.1016/j.jinsphys.2013.12.004
Karsch F (1887) Dipterologisches von der Delagoabai. Entomologischer Nachrichten 13: 22–26.
Kather R, Martin SJ (2012) Cuticular hydrocarbon profiles as a taxonomic tool: advantages, lim-
itations and technical aspects. Physiological Entomology 37: 25–32. doi: 10.1111/j.1365-
3032.2011.00826.x
Liquido NJ, McQuate GT, Suiter KA (2014) MEDHOST: An encyclopedic bibliography of 
the host plants of the Mediterranean Fruit Fly, Ceratitis capitata (Wiedemann), Version 
2.0. United States Department of Agriculture, Center for Plant Health Science and Tech-
nology, Raleigh. https://medhostv2.cphst.org/
Lu F, Teal PEA (2001) Sex pheromone components in oral secretions and crop of male Carib-
bean fruit flies Anastrepha suspensa (Loew). Archives Insect Biochemistry and Physiology 
48: 144−154. doi: 10.1002/arch.1067
Milet-Pinheiro P, Navarro DMA, De Aquino NC, Ferreira LL, Tavares RF, Da Silva RCC, Li-
ma-Mendonça A, Vaníčková L, Mendonça AL, Do Nascimento RR (2014) Identification 
of male-borne attractants in Anastrepha fraterculus (Diptera: Tephritidae). Chemoecology 
25(3): 115–122. doi: 10.1007/s00049-014-0180-3
Millar JG, McBrien HL, Ho H-Y, Rice RE, Cullen E, Zalom FG, Üokl A (2002) Pentatomid 
bug pheromones in IPM: possible applications and limitations. IOBC Bulletin 25: 1–11
Mwatawala MW, De Meyer M, Makundi RH, Maerere AP (2006) Biodiversity of fruit flies 
(Diptera, Tephritidae) at orchards in different agro-ecological zones of the Morogoro re-
gion, Tanzania. Fruits 61: 321–332. doi: 10.1051/fruits:2006031
Mwatawala M, Virgilio M, Joseph J, De Meyer M (2015) Niche partitioning among two Cerati-
tis rosa morphotypes and other Ceratitis pest species (Diptera, Tephritidae) along an altitudi-
nal transect in Central Tanzania. In: De Meyer M, Clarke AR, Vera MT, Hendrichs J (Eds) 
Resolution of Cryptic Species Complexes of Tephritid Pests to Enhance SIT Application 
and Facilitate International Trade. ZooKeys 540: 429–442. doi: 10.3897/zookeys.540.6016
Nagaraju GPC, Borst DW (2008) Methyl farnesoate couples environmental changes to testicu-
lar development in the crab Carcinus maenas. Journal of Experimental Biology 211(17): 
2773–2778. doi: 10.1242/jeb.019133
N’Dépo OR, Hala N, Gnago A, Allou K, Kouassi KP, Vayssières J-F, De Meyer M (2010) 
Inventaire des mouches des fruits de trois regions agro-écologiques et des plantes-hôtes 
associées à l’espèce nouvelle, Bactrocera (Bactrocera) invadens Drew et al. (Diptera: Tephri-
tidae) en Côte-d’Ivoire. European Journal of Scientific Research 46: 62–72.
Marc De Meyer et al.  /  ZooKeys 540: 405–427 (2015)426
N’Dépo OR, Hala N, N’Da Adopo A, Coulibaly F, Kouassi KP, Vayssières J-F, De Meyer 
M (2013) Fruit flies (Diptera: Tephritidae) populations dynamic in mangoes production 
zone of Côte-d’Ivoire. Agricultural Science Research Journal 3: 352–363.
Olmstead AW, LeBlanc GA (2007) The environmental-endocrine basis of gynandromorphism 
(intersex) in a crustacean. International Journal of Biological Sciences 3(2): 77–84. doi: 
10.7150/ijbs.3.77
Pritchard JK, Stephens M, Donnelly P (2000) Inference of population structure using multilo-
cus genotype data. Genetics 155: 945–959.
Quilici S, Franck A, Peppuy A, Dos Reis Correia E, Mouniama C, Blard F (2002) Comparative 
studies of courtship behavior of Ceratitis spp. (Diptera: Tephritidae) in Reunion island. 
Florida Entomologist 85: 138–142. doi: 10.1653/0015-4040(2002)085[0138:CSOCBO
]2.0.CO;2
Robacker DC (1988) Behavioral responses of female Mexican fruit flies Anastrepha ludens to 
components of male-produced sex pheromone. Journal of Chemical Ecology 14: 1715–
1726. doi: 10.1007/BF01014639
Rocca JR, Nation JL, Strekowski L, Battiste MA (1993) Comparison of volatiles emitted by 
male Caribbean and Mexican fruit flies. Journal of Chemical Ecology 18: 223−244. doi: 
10.1007/BF00993755
Steck G, Ekesi S (2015) Description of third instar larvae of Ceratitis fasciventris, C. anonae, 
C. rosa (FAR complex) and C. capitata (Diptera, Tephritidae). In: De Meyer M, Clarke AR, 
Vera MT, Hendrichs J (Eds) Resolution of Cryptic Species Complexes of Tephritid Pests to 
Enhance SIT Application and Facilitate International Trade. ZooKeys 540: 443–466. doi: 
10.3897/zookeys.540.10061
Tanga CM, Manrakhan A, Daneel JH, Mohamed SA, Khamis FM, Ekesi S (2015) Compara-
tive analysis of development and survival of two Natal fruit fly Ceratitis rosa Karsch (Dip-
tera, Tephritidae) populations from Kenya and South Africa. In: De Meyer M, Clarke AR, 
Vera MT, Hendrichs J (Eds) Resolution of Cryptic Species Complexes of Tephritid Pests to 
Enhance SIT Application and Facilitate International Trade. ZooKeys 540: 467–487. doi: 
10.3897/zookeys.540.9906
Teal PEA, Jones DJG, Torto B, Nyasembe V, Borgemeister C, Alborn HT, Kaplan F, Boucias 
D, Lietze VU (2014) Identification of methyl farnesoate from the hemolymph of insects. 
Journal of Natural Products 77(2): 402–405. doi: 10.1021/np400807v
Van Cann J, Virgilio M, Jordaens K, De Meyer M (2015) Wing morphometrics as a possible 
tool for the diagnosis of the Ceratitis fasciventris, C. anonae, C. rosa complex (Diptera, 
Tephritidae). In: De Meyer M, Clarke AR, Vera MT, Hendrichs J (Eds) Resolution of 
Cryptic Species Complexes of Tephritid Pests to Enhance SIT Application and Facilitate 
International Trade. ZooKeys 540: 489–506. doi: 10.3897/zookeys.540.9724
Vaníčková L (2012) Chemical ecology of fruit flies: genera Ceratitis and Anastrepha. PhD thesis, 
Institute of Chemical Technology and Institute of Organic Chemistry and Biochemistry, 
Prague.
Vaníčková L, do Nascimento RR, Hoskovec M, Ježková Z, Břízová R, Tomčala A, Kalinová 
B (2012) Are the wild and laboratory insect populations different in semiochemical emis-
An integrative approach to unravel the Ceratitis FAR (Diptera, Tephritidae)... 427
sion? The case of medfly sex pheromone. Journal of Agricultural and Food Chemistry 60: 
7168−7176. doi: 10.1021/jf301474d
Vaníčková L, Virgilio M, Tomčala A, Břízová R, Ekesi S, Hoskovec M, Kalinová B, Do Nas-
cimento RR, De Meyer M (2014) Resolution of three cryptic agricultural pests (Ceratitis 
fasciventris, C. anonae, C. rosa, Diptera: Tephritidae) using cuticular hydrocarbon profil-
ing. Bulletin of Entomological Research 104: 631–638.
Vaníčková L, Břízová B, Mondonça AL, Pompeiano A, Do Nascimento RR (2015a) Intraspe-
cific variation of cuticular hydrocarbon profiles in the Anastrepha fraterculus (Diptera: Te-
phritidae) species complex. Journal of Applied Entomology. doi: 10.1111/jen.12204
Vaníčková L, Břízová R, Pomeiano A, Ekesi S, De Meyer M (2015b) Cuticular hydrocarbons 
corroborate the distinction between lowland and highland Natal fruit fly (Tephritidae, 
Ceratitis rosa) populations. In: De Meyer M, Clarke AR, Vera MT, Hendrichs J (Eds) Reso-
lution of Cryptic Species Complexes of Tephritid Pests to Enhance SIT Application and 
Facilitate International Trade. ZooKeys 540: 507–524. doi: 10.3897/zookeys.540.9619
Vayssières J-F, Sanogo F, Noussourou M (2004) Inventaire des espèces de mouches des fruits 
(Diptera:Tephritidae) inféodées au manguier au Mali et essais de lutte raisonnée. Fruits 
59: 1–14.
Virgilio M, Backeljau T, Barr N, De Meyer M (2008) Molecular evaluation of nominal species 
in the Ceratitis fasciventris, C. anonae, C. rosa complex (Diptera: Tephritidae). Molecular 
Phylogenetics and Evolution 48: 270–280. doi: 10.1016/j.ympev.2008.04.018
Virgilio M, Delatte H, Quilici S, Backeljau T, De Meyer M (2013) Cryptic diversity and 
gene flow among three African agricultural pests: Ceratitis rosa, Ceratitis fasciventris and 
Ceratitis anonae (Diptera, Tephritidae). Molecular Ecology 22: 2526–2539. doi: 10.1111/
mec.12278
Virgilio M, Jordaens K, Verwimp C, De Meyer M (2015) Higher phylogeny of frugivorous 
fruit flies (Diptera, Tephritidae, Dacini) as inferred from mitochondrial and nuclear gene 
fragments. Molecular Phylogenetics and Evolution doi: 10.1016/j.ympev.2015.01.007
White IM, Elson-Harris MM (1992) Fruit flies of economic significance: their identification 
and bionomics. CAB International, Wallingford, 599 pp.
White IM, De Meyer M, Stonehouse J (2000) A review of the native and introduced fruit flies 
(Diptera, Tephritidae) in the Indian Ocean Islands of Mauritius, Réunion, Rodrigues and 
Seychelles. In: Price NS, Seewooruthun I (Eds) Proceedings of the Indian Ocean Commis-
sion Regional Fruit Fly Symposium, Mauritius, 5–9th June 2000. Indian Ocean Commis-
sion, Mauritius, 15–21.
